St. Catherines Island is one of several barrier islands lining the coast of Georgia, USA. This island is among the least recently anthropogenically impacted of the Georgia Sea Islands, but had not previously been examined in detail for coastal invertebrate macrofauna. From 1992 through late 1998 a coastal survey was conducted that examined the diverse marine invertebrate fauna of St. Catherines Island. Salt marshes, sand flats, mid-to low-energy sand beaches, beach wood debris, tidal creeks, shallow benthos, and artificial hard substrata (including docks) were qualitatively sampled for macroinvertebrates. Over 340 species were identified. Crustaceans composed close to 40% (14% amphipods; 15% decapods), polychaetes 17.5%, and molluscs about 25% of all species recovered. These results are compared to the few other relevant studies from the United States mid-Atlantic Coast.
INTRODUCTION
The coast of Georgia, USA, has a wide array of productive coastal habitats with varied anthropogenic input. Among the barrier 2 NO. 3367 AMERICAN MUSEUM NOVITATES 1978; Kennedy and Pinkoski, 1987; Sherrod et al., 1989) . To date, however, there has been only a single effort at a comprehensive study of living marine intertidal organisms of St. Catherines Island. Morris and Rollins (1977) offered a brief overview of the intertidal species found along this island and speculated on the extant community relationships to the island's paleoecology. Their study was admittedly not an attempt to completely describe the intertidal communities of St. Catherines Island but instead an effort to examine a few intertidal associations and relate these to paleontological communities. Thus, these authors concentrated on a few selected communities and associated representative species. Similarly, Fierstien and Rollins (1987) discussed some macroinvertebrate associations on the island associated with the distribution of the marsh periwinkle snail Littorina irrorata. With the rediscovered interest in biodiversity as a key indicator of the ''health'' of our environment (Schlesinger et al., 1994) , we surveyed the infaunal and epifaunal marine invertebrates associated with the intertidal and shallow subtidal perimeter of St. Catherines Island.
The exact nature of biodiversity has been variously interpreted. Haila and Kouki (1994) and Haila and Margules (1996) discuss the evolution and usage of the term as it includes genotypes, population diversity within ecosystems, and variation of ecosystems at a landscape level. In this paper we will use a very basic definition of biodiversity as advanced by Wilson (1992) as biological diversity at the species level. This type of interpretation facilitates comparisons to other studies and among habitats, although it does not take into account evenness, dominance, or other skewed features of the communities.
The value of studying biodiversity rests with our abilities to monitor changes through time that could reflect overall environmental shifts. This is alluded to in a study of the subrecent intertidal assemblages of diatoms on St. Catherines Island (Sherrod et al., 1989) . The authors note the problems associated with ''ecological noise'' in short-term studies. Coile and Jones (1988) published a checklist of the vascular plants of St. Catherines, noting the relatively low diversity compared to other regional barrier islands. They suggested that this reduced diversity is a result of extensive deer grazing and feral swine rooting as well as the islands history as a cattle grazing site and historic sea cotton plantation (see Thomas et al., 1978 , for a summary of the island's history and usage). While these events could certainly have a very real impact on terrestrial communities of the island, the impact to marinebased communities, if any, is unknown. Because there are few reports to act as baselines for coastal Georgia diversity, it is difficult to interpret the relative diversity of St. Catherines marine invertebrate macrofauna. Howard and Frey (1975) did a ''reconnaissance'' study of coastal Georgia estuarine channels. In box cores taken during their survey they found 73 species, 51 of which were also found on the nearby shelf by Dörjes (1977) . A few years earlier Howard and Dörjes (1972) discussed animal-sediment associations on Sapelo Island, Georgia, beaches. Here they found 50 species of macrofauna with crustaceans composing 36% and polychaetes 38% on the muddier Nannygoat Flat, while sandier Cabretta Flat had 28% polychaetes and 40% crustaceans composing the macrofauna. Howard and Reineck (1972) delineated that 268 species of macrofaunal species from a Georgia beach to offshore transect. In that survey molluscs, polychaetes, and crustaceans dominated in terms of abundance. A brief review of some of these early studies was presented by Dörjes (1977) . Aside from unpublished reports and popular field guide literature (e.g, Ruppert and Fox, 1988) , these studies, and that by Morris and Rollins (1977) noted above, represent all the published diversity-based marine invertebrate studies for coastal Georgia. Here we have attempted to assemble a more complete species diversity listing as found in marine habitats on St. Catherines Island. This study, as far as discerned, can act as a qualitative baseline for comparable Georgia barrier islands and as a checklist for Georgia coastal macroinvertebrates.
METHODS
COLLECTION TECHNIQUES: Samples were variously collected by hand, dipnet, shovel and sieve (0.5-mm mesh), 2.4-m semiballoon trawl, net sledge, small box core, and yabby pump. All living specimens were recovered and note taken of empty shells retained. We made no attempt to quantify samples, although we did note relative abundance (in particular, quantitatively dominant species) within each habitat studied. A correlative study that involved quantitative transects of many of the island beaches will be published separately. Specimens recovered were preserved in 5-10% formalin for 1-7 days, washed in running tap water and transferred for storage to 70% ethanol or 40% isopropanol. All collection sites are detailed in results.
Our qualitative data allowed a comparison with one of the few other compilations of coastal Georgia invertebrates. We used a Bray-Curtis similarity index using PRIMER version 4.0 (Plymouth Routines in Multivariate Ecological Research; Carr 1997) to compare our species list with that compiled by Frey (1975a, 1975b) . Taxa identified only to levels above genus were eliminated from the database for this analysis. Taxa identified only to the same genus in both surveys were scored similar. The faunal list of Howard and Frey (1975) ST. CATHERINES SHOAL (B): St. Catherines Shoal is a large ramp margin sand body situated at the northeast margin of St. Catherines Island and has been, for the past decade, partially emergent at high tide and sparsely vegetated. The shoal consists predominantly of fine-grained quartz sand dispersed southward by ebb tidal flow through St. Catherines Sound and then northward by fair weather storms and longshore drift. The complex sedimentary dynamics of this shoal, as well as others associated with the Georgia Sea Islands, has been discussed by Oertel and Howard (1972) , Oertel (1977) , and Pottinger (1996) . The marine habitats associated with St. Catherines Shoal are extremely ephemeral, coincident with rapid changes in dimension and extent of the sand shoal body. In general, the north-facing portion of the shoal is a marginal ramp abutting the deeply scoured sound, and the southern extremity consists of a mosaic of shallower sand spits and bars. The southern margin of this shoal is actively trawled seasonally by shrimpers and could be the most anthropogenically impacted of all marine habitats around the island.
ENGINEERS POINT (E): The northernmost margin of the island, Engineers Point, is separated from Ossabaw Island by St. Catherines Sound and displays pronounced marine habitat heterogeneity. The northeastern portion of Engineers Point is an expansive, relatively low-energy, rippled quartz sand flat somewhat protected by St. Catherines Shoal to the south. Ripple troughs accumulate organic rich muds from abundant fecal matter, vegetative detritus, and occasional exposure of the subjacent relict marsh sediment. The width of this rippled sand flat has changed dramatically in concert with the changing sedimentological dynamics of St. Catherines Sound. In the 1970s this flat was over 200 meters wide at low tide, but since that time has become highly constricted (Morris and Rollins, 1977; Oertel, 1977; Fierstien and Rollins, 1987 Engineers Point, adjacent to St. Catherines Sound, is blunted by periodic erosional tidal scour, and supports a narrower intertidal zone, frequently studded by fallen trees eroded from the forested island core. These patches of ''skeletal forest'' provide a high to low intertidal, epifaunal wood ground habitat for several invertebrate species that require hard substratum. Scoured pools at the base of some of this wood debris offers tidal refugia for other invertebrates as well as small fish.
The protected northwest margin of Engineers Point opens into a moderately narrow sandy tidal flat, terminated by Northwest Marsh about 1 km south of the Island's northern tip. The substratum ranges from fine-to medium-grained quartz sand with notable amounts of organic matter (fecal pellets and detritus). Occasional sand aprons thinly veneer deposits of relict marsh mud (Morris and Rollins, 1977) . Near the margin of the small tidal creek draining Northwest Marsh, the Engineers Point intertidal supports spotty development of marsh grass (Spartina alterniflora) and oyster (Crassostrea virginica) patches fringing the bank of Walburg Creek. Southward along Walburg Creek a fringing marsh with high mud content abruptly dominates the intertidal zone, along with patches of living oysters and wash-over accumulations (fans) of disarticulated oyster valves.
PICNIC POINT (P): About 1.5 km south of the northeast extremity of the island a chenier plain draped with dunes and beach ridges abruptly narrows to a steep bluff (Picnic Point) eroded into the Pleistocene core. Until Hurricane Hugo in 1989, this portion of the Island shoreline was rapidly retreating due to wave erosion. Since 1989, however, three nascent and vegetated beach ridges have aggraded against Picnic Point Bluff (Pottinger, 1996) . These remarkably rapid shoreline changes appear to have had little effect upon the character of the intertidal zone, which remains a moderately wide, gently sloping quartz sand beach.
LONG CREEK (LC): South of King New Ground Dock, Long Creek is a muddybanked, narrow, tortuous creek with shallow point bars densely populated by hard clams and adjoining steeper Spartina marsh fronts with extensive fiddler crab (Uca) populations. Occasional oyster bars dot the creek's margin.
NORTH BEACH (N): North Beach extends from Engineers Point east southward for about 3 km to Seaside Inlet, one of two major tidal inlets that punctuate the eastern margin of the island. Most of North Beach typifies the seaward strandlines of the Georgia Sea Islands, divisible into nearly horizontal (1Њ slope) narrow backshore and gently sloping (2Њ) wider foreshore segments (Frey and Howard, 1988) . Ephemeral ridge and runnel features are commonly developed at high angles to the strandline. Sorted angular, finegrained sands predominate, with local concentrations of black heavy minerals. The northern segment of North Beach backs St. Catherines Shoal and fronts a mosaic of beach ridges topped by eolian dunes. This beach ridge sequence extends southward for about 1.5 km to Picnic Point Bluff, grading into a stretch of open sandy beach in front of an actively eroding portion of the island Pleistocene core. At this point the beach is densely strewn with toppled trees sloughing from the forested island core, and outliers of eroding headland protrude from the beach as a palmetto palosol (Morris and Rollins, 1977, Station # 1; Frey and Basan, 1981) . The southern half (about 1.5 km) of North Beach consists of fine-grained quartz sand and compacted semiconsolidated relict marsh mud representing the trailing edge of a rapidly migrating facies mosaic that has retreated at an average rate of 3.8 m per year for about the last 50 years (Rollins et al., 1990; Goodfriend and Rollins, 1998) . Along this portion of North Beach, over-wash sands episodically breach the low barrier dunes and extend into a living salt marsh westward of the beach. Both the palmetto paleosol and the relict marsh muds serve as firm grounds for many marine invertebrates. Erosional liberation of ''fossil'' skeletal material from the relict marsh muds noticeably increase the carbonate content of this portion of North Beach. Other than rare shell lag accumulations, the silicoclastic beaches of the Georgia Sea Islands rarely contain more than 3-5% calcium carbonate (Frey and Howard, 1988) . As North Beach grades to Seaside Inlet, the large inlet shoal and longshore drift wafts sand along the shoreface and seaward into a wide intertidal sand flat. Temporal changes in the ebb tidal dynamics alternately extend blanketing lobes of sand northward up North Beach and southward along Middle Beach. Consequently, living salt marsh fringing the tidal inlet is repeatedly destroyed and regenerated.
MIDDLE BEACH (MB) AND SOUTH BEACH (S): Middle Beach, between Seaside and McQueens Inlets, and South Beach (south of McQueens Inlet) are generally similar to the southern half of North Beach. All are exposed mid-to high-energy quartz sand beaches with gently sloping narrow backshore and wider foreshore segments. All locally display ridge and runnel systems, exposures of relict marsh muds, fallen trees, and dune-topped barrier beaches fronting live Spartina alterniflora dominated salt marsh. A 1-km-long portion of South Beach is backed by Flag Pond (F), formerly a freshwater body impounded by a narrow treelined barrier beach, which in March 1993 was breached during a violent single storm. A small tidal inlet flooded the impoundment, and since then Flag Pond rapidly developed into a salt marsh.
WALBURG CREEK (W): The northwestern portion of St. Catherines Island abuts a 0.5-km-wide tidal creek (Walburg Creek) that serves a part of the Intracoastal Waterway. Walburg Creek turns 90Њ to the north as it approaches the island, isolating a block of salt marsh named Walburg Island. Near its point of inflection against the island core, Walburg channel is over 15 m deep. The creek adjacent to the island was sampled with trawl, grab, and net sledge.
NECESSARY CREEK (NC): Necessary Creek is a relatively narrow, serpentine tidal creek that drains the majority of the interior of Walburg Island salt marsh and is a tributary to Walburg Creek about 2 km west of St. Catherines Island's main dock. Salt marshes represent the most areally extensive portion of coastal Georgia's marine intertidal habitats and are developed between neap mean high water and spring mean high water (Frey and Basan, 1981; Fierstien and Rollins, 1987) . In turn, the salt marshes of the southeastern US constitute the largest area of coastal wetlands in North America. Georgia tidal creeks, including Necessary Creek, experience a mean tidal amplitude of 2.4 m, and tidal flow is strongly ebb dominated. At low tide, Necessary Creek displays high-banked levees adorned with tall Spartina alterniflora, channel thalwegs with thin, fine-grained sand veneers over thick deposits of organic-rich gray to black mud. Oyster patches and dams are locally developed along the channel bottoms and margins and the mouths of smaller feeder tributaries. Elongated and elevated point bars of silt and sand extend in the direction of ebb flow, and sloughs of soft mud are sandwiched between bar and channel levees. Smaller gut and tributary tidal creeks, such as Necessary Creek, represent lower-energy sheltered marsh environments, compared to large tidal creeks such as Walburg Creek. Smaller gut creeks often do not completely empty during low tide intervals due to intricate meander systems and drainage obstacles such as oyster dams.
FLOATING DOCKS: No exposures of wellconsolidated bedrock exist along coastal Georgia, and hard substratum is thus at a premium in Georgia marine and estuarine environments. On St. Catherines Island hard marine substratum consists only of limited development of sandy ''beach rock'' in marsh areas prone to freshwater drainage from the Island core, ''firm grounds'' of semiconsolidated relict marsh muds along portions of the sea-facing beaches, ''wood grounds'' of fallen trees and driftwood, other floating debris, and man-made structures such as pilings, trunks, and docks. We sampled four floating docks along the island, two from the east side, and two from the west side. PVC pipes and flat plates, acting as settlement substrata, were positioned at some of these docks as part of a separate study on biofouling and these data are qualitatively incorporated into this biodiversity survey. The epifouling study will be published separately. The small erosional tidal pools at the base of the ''woodgrounds'' on South Beach were also sampled.
The Main Dock (M), the largest dock on St. Catherines, is located on the northwestern margin of the Island and accommodates most of the research and logistical vessels. The northern half of this floating dock is under a wooden protective boathouse and thus shadowed. The other half of this dock is contin-uously exposed to sunlight. The main dock is situated parallel to the flow of Walburg Creek. Swift currents are common along the dock pilings, especially during ebb flow.
The smaller South Pasture Dock (SP) is located on the southwest side of the Island surrounded by a low-lying Spartina marsh. The dock was damaged and partially detached during a storm in 1996.
King New Ground Dock (KN) and Seaside Dock (SS) are much smaller than the Main Dock and experience proportionally much less boat traffic. They are located on the eastern margin of the island on moderately small meandering tidal creeks with steep mud banks. Seaside Dock is well inland but along the main tidal creek to Seaside Inlet. King New Ground Dock is on Cracker Tom Creek, which empties into McQueen's Inlet.
THE FAUNA: Table 1 is a complete listing of all macroinvertebrate species recovered, organized within higher taxa, along with available common names and sites of collection. The table also includes a few species collected in other studies from along the island (especially by one of us, RHB); these are annotated for original citations. Tables 2  through 6 are species breakdowns by habitat and only show the more commonly collected or representative species. Figure 2 presents a relative distribution (by percentage) of higher macroinvertebrate taxa found on all St. Catherines Island sand beaches. Figure 3 indicates the relative numbers of major phyla on the island, while figure 4 shows total number of species per each higher taxon identified in table 1. BEACHES (table 2) : North, Middle, and South Beach are all exposed to direct oceanic influence. All are mid-energy beaches of quartz sand, although exposed peat mud banks represent historic marsh communities with in situ (in life position) remnants of populations of Mercenaria mercenaria, Geukensia demissa, and Crassostrea virginica, among others. Beach erosion has undermined trees and produces a ''skeletal forest'' of bark-stripped, prone, hard substratum. Infauna common to the sands of these sites represent a typical beach fauna of orbiniid polychaetes, haustoriid amphipods, and apodid holothoroideans. On higher-energy beaches it is common to find Haloclava producta, Ne- Key to sites appears below. Sites represent locations where particular species are typically found but do not include all species localities. Common names are given where available. Comments on interspecific or other associations appear in lettered notes at the end of the table. Numbers of species in higher taxa are noted in brackets.
NO. 3367 AMERICAN MUSEUM NOVITATES Common Beach Fauna of St. Catherines Island, Georgia ''Common'' fauna are here defined as organisms typically found year-round in or on beach habitats. Epifauna found on beach inhabitants are noted along with host. L, in low energy portions of beach (sand flat); H, in higher energy (swash) zone of beach; I, ranges intertidal zone; ST, subtidal (usually found on beach after storms or collected live just subtidally). No label indicates that the species was found across a wide range of beach zones. In early October 1990 we also observed a mass exhumation of the burrowing shrimp Upogibia affinis along the southern portion of North Beach. During this event there was an unusually large spring tide (with a range of 9.3 m) leading a northward-moving tropical storm. During the same event we noted hundreds of juvenile Busycon carica and B. carica eliceans clustered in large patches along the beach. Most of the U. affinis stranded on the beach appeared unable to reburrow into the substratum, and perished through dessication or predation.
NO. 3367 AMERICAN MUSEUM NOVITATES
In all, about 66.5% of taxa recovered from beaches sampled on St. Catherines Island were polychaetes, gastropods, bivalves, and amphipods ( fig. 2) .
''HARD SUBSTRATA'' (table 4): Floating docks of St. Catherines Island are typically densely colonized by sponges, hydroids, barnacles, and chlorophyte algae (e.g., Enteromorpha sp., Spongilla sp.). PVC pipe and plate studies show that fouling communities at the Main Dock and King New Ground Dock were dominated by the barnacle Balanus eburneus and corophiid amphipods. Skoog (1996) found Bougainvillia rugosa to be abundant during summer months, but were replaced in the winter by the hydroid Tubularia crocea. Similar hydroid population trends have been recorded by Cain (1987) along floating docks in Beaufort, South Carolina. Species diversity was significantly higher within the protection of the PVC tube interiors throughout the winter months than on the exposed exterior of the tubes (Skoog, Prezant, Toll, Rollins, personal obs.) . Diversity tended to increase along exposed portions of the docks during summer months. During summer months Haliplenella luciae and Bougainvillia rugosa dominated PVC pipe interiors at protected sites, while in the winter this shifted to Balanus eburneus, Tubularia crocea, and various bryozoans and tunicates. Crassostrea virginica, the American oyster, was found only on pipes in exposed areas. Sponges also were more abundant in exposed locations. Flat PVC plates hung just below the water surface at the Main Dock usually had large populations of the hydroid Tubularia crocea (especially in cooler months), a species typically lacking from more protected King New Ground Dock. The hydroids typically had dense populations of caprellid and corophiid amphipods. PVC plates, also in the summer, were dominated by the solitary tunicate Molgula manhattensis. The dock hydroids were also a common home to the shag-rug aeolis nudibranch Aeolidia papillosa, whose coiled egg masses are not unusual among the hydroids during summer months. The feather blenny Hypsoblennius hentz was also commonly found among the epifauna of docks. The wooden supports of our fouling plates were, after about 20 months in the water, totally eaten away by the shipworm (bivalve) Bankia gouldi. The protected docks on the inner reaches of the island often had complex communities of sponges comprising at least six species. The skeleton forest of intertidal woodgrounds on Middle and North Beach housed wood crabs (Sesarma cinereum) as well as the zebra periwinkle (Littorina ziczac) and the pulmonate snail Siphonaria alternata (table 6). The sessile fauna on tree remains included tightly packed barnacles and smallribbed mussels. The sea pillbug Sphaeroma quadridentata was a common surface inhabitant of the wood, while the southern gribble isopod Limnoroa tripuntata produced extensive borings within the wood. Small tidal pools at the base of some of these eroded tree remains were home to scavenging hermit crabs and deposit-feeding terebellid polychaetes (Amphitrite ornata). The striped anemone Haliplanella luciae is among St. Catherines most common anemones, found regularly on driftwood and those tree remains found in the low to mid tidal reaches, as well as in tide pools. The warty anemone Bunodosoma cavernata, rare in our collections, was found on the island just once in our sampling period. This single specimen was recovered on a piece of driftwood from Middle Beach. Driftwood was also a common habitat for the deposit-feeding terebellid NO . 3367 AMERICAN MUSEUM NOVITATES polychaete Amphitrite johnstoni, which was found in crevices on wood debris where it created muddy tube homes. MARSHES (table 3) : On St. Catherines Island marshes had large populations of the sand fiddler crab Uca pugilator, but overall diversity within these marshes was low. Within the vegetated regions of the marshes, aside from fiddler crabs, were large populations of the ribbed marsh mussel Geukensia demissa, found buried and byssally attached along the roots of Spartina alterniflora. Small populations of the coffee bean snail Melampus bidentatus were found, typically under protected mats of stranded wood or algae and under needle rush wracks. Various xanthid mud crabs also were relatively common along with occasional nereid polychaetes.
The muddy point bars of the marsh creeks housed large infaunal populations of the hard clam Mercenaria mercenaria. Soft (mud) sediment hard clams tended to be larger and older than those found within sandy sediments of higher-energy environments (e.g. Engineers Point). In soft sediments of the point bars, hard clams were found buried to depths exceeding 25 cm. The muddy point bars were also typically covered with extensive populations of the mud snail Ilyanassa obsoleta. Along these creek banks were occasional small to large oyster bars. These bars were also home to numerous smaller invertebrate species associated with the oyster Crassostrea virginica (table 5). The latter included small xanthid crabs, pyramidellid gastropods, small orange-striped anemones, and predatory oyster drills. The parasitic oyster mosquito (snail) Boonea impressa was nowhere abundant on the oyster reefs and oyster patches of the island, but could consistently be found in small numbers along the ''lip'' of at least some members of each oyster population, especially in sandier habitats (e.g. Engineers Point). Oyster beds were also home to the bright green delicate paddle worm Phyllodoce fragilis. This worm was found within the crevices of the oyster reefs, where it likely scavenges food or occasionally preys on small invertebrates. The entire family of brightly colored phyllodocid polychaetes has few predators. Most potential predators of these paddleworms are repelled by the phyllodocids' copious mucus secretions that contain some, to date, unidentified repellent (Prezant, 1980) .
More than 50% of the species found on the oyster bars are considered crevice dwellers, occupying the numerous interstices created by the irregularly growing oysters (table  5) . Diverse feeding types were represented in this complex community, ranging from deposit-feeding polychaetes (Amphitrite ornata) to filter-feeding barnacles (Balanus eburneus) to carnivorous turbellarians (Tubulanus pellucidus), and a variety of scavenging crabs. Various oyster predators and parasites were also common on the bars (e.g. Urosalpinx cinerea, Boonea impressa).
BRAY-CURTIS INDEX:
A total survey comparison was made with the summative work of Howard and Frey (1975) . The latter authors compiled a coastal and near coastal marine invertebrate list that included works of Heard and Heard (1971) and Dörjes (1977) . A similarity index comparison of our work compared to that of Howard and Frey (1975) showed a 40% similarity. Dörjes (1977) surveyed and reviewed the marine macrobenthic communities of Sapelo Island, Georgia, including salt marshes, point bars, estuarine inlets, beaches and flats, shoals, and the near shelf benthos, although about 20 years previous to our study that survey represented the best comparative work of a Georgia sea island. Sapelo Island is adjacent to St. Catherines, and Dörge's work represents the most comprehensive study of comparable locations.
DISCUSSION
Salt marshes represent diverse microhabitats, from creek banks to high marshes, from densely vegetated low marshes to nonvegetated barrens. The nonvegetated mud banks of Sapelo Island salt marshes were dominated by Crassotrea virginica, Illyanassa obsoleta, and Diopatra cuprea. On St. Catherines Island mud banks also had large populations of oysters (C. virginica) and mud snails (I. obsoleta) but did not have dense populations of the polychaete Diopatra cuprea. Dörjes (1977) also noted large populations of Upogebia affinis and Heteromastus filiformis on Sapelo Island, both uncommon in St. Catherines Island creek/marsh mud banks (although U. affinis is eratically common on low-energy beaches and H. filiformis can regularly be found on these same beaches). Higher up on the banks, in the marsh barrens, only fiddler crabs are abundant on both island. On both Sapelo and St. Catherines Islands Crassostrea virginica, Geukensia demissa, Littorina irrorata, Sesarma reticulatum, Nereis succinea, and various mud and fiddler crabs are common inhabitants of the marsh proper. Melampus bidentatus, a common marsh snail of more northerly marshes, is not abundant in Georgia sea island marshes, though locally common in some marsh locations on St. Catherines. The differences in marsh fauna reported by Dör-jes (1977) and in our report are minimal and probably reflect differences in time (season) or methods of collection.
Point bars are common features of Georgia coastal creeks. These small mud and/or sand bars are relatively uniform in habitat and typically lack angiosperms of any type. Dörjes (1977) noted that point bars in general will have few species with large populations and few if any endemic species. On St. Catherines Island point bars have semiprotected muddy habitats that are prime sites for the large hard clams Mercenaria mercenaria as well as the mud snails Illyanassa obsoleta. M. mercenaria is a commercially important bivalve in Georgia Heffernan, 1990a, 1990b) . Near-surface anaerobic muds tend to inhibit many macrofaunal species. In addition to anaerobic sediments, periodic shifting of these bars is at least partially responsible for low diversity. In some of these anaerobic muds, hard clam (M. mercenaria) and ribbed mussel (G. demissa) shells have undergone significant pyritization in living animals (Clark and Lutz, 1980) . Living pyritized clams have been found not only within point bar muds on St. Catherines, but also in back levee, low marsh areas (DeLillo, 1998) . The significance of pyritization in extant and extinct populations, as well as possible mechanisms underlying the pyritization process, is discussed by DeLillo (1998) .
More than 50% of the common macroinvertebrate fauna found within or on oyster bars of St. Catherines Island are considered crevice dwellers, living in the complex interstices created by the irregular growth patterns of oysters. These crevice dwellers are afforded significant protection from transient fish predators, although numerous resident predators coinhabit these crevices (e.g. various xanthid crabs, phyllodocid and nereid polychaetes, etc.; see table 5). The oyster bar community of St. Catherines Island is typical of those reported for southern Atlantic coasts (see Fox and Ruppert, 1985) . Dense populations of oysters tend to inhibit settlement and establishment of other large sessile or sedentary macrofauna through preemptive competition (Sutherland and Karlson, 1977) . Thus, while crevice dwellers can take advantage of the habitat created by the oysters, few other large ''settlers'' can become established in this community. Heard (personal commun.) has commonly found the amphipods Gammarus palustrus and Parhaylae hawaiensis (Danna, 1853) on oyster reefs along Sapelo Island and Wassaw Island, and on Savannah Beach.
Interesting comparisons to loose sediment coastal habitats can be drawn from Dörjes' data on beach-related tidal flats. On Sapelo Island, Nannygoat Flat is a protected bight with low water energy and rich organic sediments. Cabretta Flat, on the other hand, merges landward with the beach, but seaward is protected by an intertidal shoal. Nevertheless, northern and southern channels allow tidal flow across the flat at regular intervals. Thus, Cabretta Flat has lower organic sandy sediments than Nannygoat Flat. The hydrodynamic regime on Cabretta Flat accounts for the huge number of amphipods found in this site. About 40% of all species on Cabretta Flat are crustaceans, while only 28% are polychaetes. On the other hand, on Nannygoat Flat 36% are crustaceans and 38% are polychaetes. The number of polychaete species and population sizes, reflect an increase in small particle sediments. Only Heteromastus filiformis and Ilyanassa obsoleta were found on Nannygoat Flat by Dörjes, while similarly, Oliva sayana, Callichirus major, and several haustauriid amphipod species were found only on Cabretta. On St. Catherines Island we found Heteromastus filiformis and Oliva sayana on beach habitats. Ilyanassa obsoleta was, however, similarly only found in low-energy, high organic en-NO. 3367 AMERICAN MUSEUM NOVITATES vironments. Dörges noted that protected muddy flats and point bars had similar communities on Sapelo Island, although mud flat species abundance was higher. We found flats on St. Catherines to have higher diversity than point bars along tidal creeks.
We found 154 species of macroinvertebrates on St. Catherines Island beaches. For comparison, Rakocinski et al. (1991) found 107 species of macroinvertebrates on 3 barrier islands along the northern Gulf of Mexico. Of these, 23 species composed 97% of all taxa recovered. While there is overlap in the northern Gulf of Mexico beaches and those of St. Catherines (e.g. Nepthys bucera, Scolelepis squamata, Donax variabilis, Ancinus depressus, Exoshaeroma diminutum, Emerita talpoida, etc.), there is a much wider difference in overall species recovered. In a few cases there are congeners that form parallel populations on St. Catherines beaches and those of the northern Gulf of Mexico (e.g. Leptosynapta tenuis and Leptosynapta crassipatina). The beach fauna of nearby Sapelo Island, however, is quite similar to that of St. Catherines. In both cases, beaches are dominated by Donax variabilis, Callichirus major, Scololepis squamata (S. agilis on Sapelo), various haustoriid amphipods, and (along the high beach up to the dune and into the swale) Ocypode quadrata. Several of the upper offshore species reported by Dörjes (1977) were found intertidally or just subtidally on St. Catherines. These include Hemipholis elogata, Cistenides gouldii, Tellina texana, Biffarius biformis, Glycera americana, Owenia fusiformis, and Oxyurostylis smithi. We found the brittlestar H. elongata only associated with the exposed portions of the tube of the polychaete Diopatra cuprea. Again, methods of collection, sieve size, and/ or season could explain differences in recovered taxa. Because the islands are adjacent, it is unlikely that any major differences in fauna from similar habitats will be significant. Howard and Frey (1975) characterized the estuarine environments along coastal Georgia. In doing so they recovered representatives of 73 species and relatively low abundances (the authors account for this by noting limited sampling protocol that included too large a sieve mesh). Nevertheless, they noted that of the 73 species collected, 37% were annelids (27 species), 22% arthropods (16 species) and 15% were molluscs (11 species). It is interesting to note that in terms of abundance, annelids account for 57% of the animals collected, arthropods accounted for 11.9%, and molluscs only 4.7%. Echinoderms, which composed only 2.7% of species collected (a total of two species), accounted for 14.4% of total specimens collected. In our study (including a far wider array of sampled habitats) over 340 species of macroinvertebrates were collected, with crustaceans alone accounting for about 40% of the total taxa. Polychaetes accounted for 17.5% and molluscs about 25% of species recovered. The relative abundances of higher taxa are more in line with those reported by Howard and Dörjes (1972) and Dörjes (1977) for crustaceans of Cabretta Flat (36% or 50 species). We recovered, percentwise, fewer polychaete taxa and more molluscan taxa than similar regional studies.
Of the macroinvertebrates they found in their entire Georgia coast study, Howard and Frey (1975) , recovered 20 (17 identified to species) from the St. Catherines Sound benthos. These included the species in the list below. The two species indicated by asterisks were not found in the present study. Cerebratulus lacteus is a large nemertean, often found swimming in the water column and easily fragmented upon recovery. It is likely this is not a particularly rare ribbon worm found along St. Catherines, but our sampling protocol failed to recover any specimens. Alcyonidium polyoum is a rubbery bryozoan, difficult to separate taxonomically from A. hauffi (recovered in our study). The difficulty in identification of these taxa calls for further systematic study of this group of Bryozoa along the Georgia coast. Howard and Frey (1975) also noted a St. Catherines Sound undescribed species of Cerebratulus, an unidentified sipunculid, and an undescribed balanoglossid. Nevertheless, there appears to be little in their estuarine study not also recovered in our present study. Heard (personal commun.) also notes that two species of Leptogorgia are found in Georgia: L. virgulata and L. setosa. L. virgulata is a more euryhaline, clearwater species, while L. setosa can tolerate mesohaline, turbid estuarine waters.
Abra aequalis
Overall, arthropods as a phylum dominated in terms of total number of taxa we recovered on St. Catherines Island (fig. 3) . In other studies this was not necessarily the case and likely reflects specific collection sites (especially intertidal vs. subtidal). Knott et al. (1983) examined benthic invertebrates along coastal South Carolina transects that extended to depths of 5 m. Of the 223 species they collected, 88 occurred intertidally. Overall, polychaetes dominated in numbers and species. On St. Catherines Island polychaetes also dominated when lower taxa are examined ( fig. 4 ; lower taxa defined here as above genus but below phylum; as designated in table 1). Knott et al. (1983) attributed the dominance of polychaetes to the moderate wave energy of the habitats studied. In all, polychaetes composed 40% of the species and 60% of total abundance, while amphipods made up 17% of species and 22% of abundance, bivalves 13.5% of species and 12% abundance, and decapods 7.6% of species and Ͻ1% abundance. Snails, isopods, and echinoderms together compose about 13% of species but less than 1% abundance. The relatively high diversity of this beach transect is in part a result of a newly placed jetty. Knott et al. (1983) could be misleading.
One of the many interesting habitats on the Island is the woodland of toppled (via beach erosion) skeleton trees stranded on the northern and southern beaches. These woodgrounds offer a complex intertidal and spray zone habitat for desiccation-resistant fauna. Many authors have discussed the relationship of complex physical structures (especially as found in rocky intertidal zones) to biodiversity (Fletcher and Underwood, 1987; Walters and Wethey, 1996; Beck, 1998) . The wide array of microhabitats associated with this intertidal woodground (e.g. protected and unprotected flat surfaces, eroded pits and depressions, crevices and cracks in the wood proper, protected nooks at limb branching, etc.) offers a heterogeneous habitat not commonly available on beach habitats. In addition to crevice dwellerings (e.g. small anen-NO. 3367 AMERICAN MUSEUM NOVITATES omes, isopods, nudibranchs) where dehydration is limited because of protection within narrow, water-retaining nooks, the pulmonate snail Siphonaria pectinata is a common surface resident on these wood habitats. The periwinkle Littorina ziczac is also occasionally found on these wood substrata, usually aligned within surface fissures or cracks. L. ziczac is more common in regions south of Georgia (Ruppert and Fox, 1988) .
We know of no comparable qualitative effort to survey the coastal marine invertebrate fauna of a Georgia barrier island, thus making direct comparisons difficult. Nevertheless, to obtain some notion of faunal overlap, we performed a Bray-Curtis similarity index comparing our data set with the summative set of Howard and Frey (1975) . The authors performed their own survey, but added the taxa also found by Heard and Heard (1971) and Dörjes (1977) . In all, Howard and Frey (1975) listed 315 taxa from North and South Newport Rivers, Sapelo Island, and St. Catherines and Sapelo Sounds. The total similarity in the invertebrate faunal lists was 40%, with a total of 497 taxa identified between all studies. Differences in similarity clearly reflect differences in collection efforts, times of collections, specific collection localities, field techniques, plus the fact that Dörjes (1977) list includes shelf biota and thus deeper water species.
This study, however, represents a multiyear qualitative examination of the marine macroinvertebrate fauna of St. Catherines Island, Georgia. A quantitative beach study will be reported separately, as will a temporal quantitative study of fouling plate epifauna. It is important to note that long-term quantitative variation is common in near-shore marine and estuarine environments (Holland, 1985) . Even among the dominant species recovered, temporal variation in relative abundance is a well-known phenomenon (Flint and Younk, 1983) . Periodic appearances of huge numbers of the dwarf surfclam Mulinia lateralis and the flat-browed mud shrimp Upogebia affinis on the beaches of St. Catherines Island have been noted during the present study. These can result from an array of stochastic environmental changes, many of which are very short-lived (e.g. storm surges). In fact, Holland (1985) reviews some of this annual variation among shallow marine communities. For both M. lateralis and U. affinis exhumations of these types could end up depositing such large numbers of organisms on beach surfaces that desiccation and shorebird predation could impact localized populations. However, it is likely that within a brief period the high reproductive potential of these organisms will allow rapid recruitment back into the decimated region. Overall, it is important to take any biotic listing as a portion of a temporal continuum. With time, even without human inteference, environments change. Some habitats are seasonally ephemeral and organisms' life cycles are temporally suited to these local conditions. Thus, differences in species lists over the short-term could have little or no significance. However, baseline studies allow us to monitor short term changes that are natural along with environmental shifts. Perhaps more importantly, they also allow us to eventually distinguish natural from artificially induced changes if we have a sufficient temporal baseline. The possible impact of the highly active shrimping activity adjacent to these Georgia barrier islands has yet to be specifically studied for possible impact in benthic and nearby communities. Van Dolah et al. (1991) , however, examined the effects of shrimp trawling on soft-bottom benthic communities along portions of the South Carolina coast. They found that there were similar species present before and after trawling, with no ''consistent differences'' in diversity, abundance or composition of preand post-trawling sites. They pointed out, however, that these results were for soft-bottom benthos, and other research points to significant damage when trawls are drawn over hard (epifaunal) benthic communities. Aside from oyster reefs, all natural benthic communities adjacent to and along St. Catherines Island are soft-bottom.
The listing of macroinvertebrates offered here for St. Catherines Island represents the first multiyear approximation of the diverse coastal fauna of this relatively unimpacted barrier island. Baseline qualitative studies and archival collections allow us to witness the natural or anthropogenically induced fluidity of species presence or absence over time. It is, however, imperative that we pur-sue additional quantitative assessment to monitor short-and-long term changes of macrobenthos in coastal habitats. Even in light of macrofaunal mobility and stochastic shifts in populations, the majority of organisms in coastal habitats, even variable estuarine habitats, remain stable over short periods of time (Hewitt et al., 1997) . While during the course of this four-year study we found relatively few additional taxa, we have not surveyed meiofauna nor assessed the viability of individual populations through time. Recent and ongoing quantitative assessments within narrow geographic boundaries that have a wide array of relatively unspoiled habitats, though seemingly late in the game, still hold promise to offer insight into the ecology of relatively natural environments. St. Catherines Island offers this luxury and can serve as a model environment for comparative baseline studies. Ongoing quantitative studies of the island communities will allow comparisons with environmentally similar but more heavily anthropogenically impacted coastal regimes.
